Incognito AV, Doherty CJ, Lee JB, Burns MJ, Millar PJ. Interindividual variability in muscle sympathetic responses to static handgrip in young men: evidence for sympathetic responder types? Negative and positive muscle sympathetic nerve activity (MSNA) responders have been observed during mental stress. We hypothesized that similar MSNA response patterns could be identified during the first minute of static handgrip and contribute to the interindividual variability throughout exercise. Supine measurements of multiunit MSNA (microneurography) and continuous blood pressure (Finometer) were recorded in 29 young healthy men during the first (HG1) and second (HG2) minute of static handgrip (30% maximal voluntary contraction) and subsequent postexercise circulatory occlusion (PECO). Responders were identified on the basis of differences from the typical error of baseline total MSNA: 7 negative, 12 positive, and 10 nonresponse patterns. Positive responders demonstrated larger total MSNA responses during HG1 (P Ͻ 0.01) and HG2 (P Ͻ 0.0001); however, the increases in blood pressure throughout handgrip exercise were similar between all groups, as were the changes in heart rate, stroke volume, cardiac output, total vascular conductance, and respiration (all P Ͼ 0.05). Comparing negative and positive responders, total MSNA responses were similar during PECO (P ϭ 0.17) but opposite from HG2 to PECO (⌬40 Ϯ 46 vs. ⌬-21 Ϯ 62%, P ϭ 0.04). Negative responders also had a shorter time-to-peak diastolic blood pressure during HG1 (20 Ϯ 20 vs. 44 Ϯ 14 s, P Ͻ 0.001). Total MSNA responses during HG1 were associated with responses to PECO (r ϭ 0.39, P Ͻ 0.05), the change from HG2 to PECO (r ϭ Ϫ0.49, P Ͻ 0.01), and diastolic blood pressure time to peak (r ϭ 0.50, P Ͻ 0.01). Overall, MSNA response patterns during the first minute of static handgrip contribute to interindividual variability and appear to be influenced by differences in central command, muscle metaboreflex activation, and rate of loading of the arterial baroreflex. blood pressure; muscle metaboreflex; muscle sympathetic nerve activity; static handgrip; sympathetic nervous system Address for reprint requests and other correspondence: P. J.
INTRODUCTION
Examining the neural and hemodynamic responses to stress can offer unique physiological information not obtained under resting conditions (1, 13, 22, 41, 44) and assist in identifying subgroups at heightened clinical risk (6, 13, 44) . Static hand-grip exercise represents a classic sympathoexcitatory stress used to evoke increases in peripheral sympathetic activity and blood pressure (25, 27) . With respect to the former, static handgrip exercise completed at low intensity [e.g., 30% maximal voluntary contraction (MVC)] increases muscle sympathetic nerve activity (MSNA) during the second or third minute of contraction, coincident with stimulation of chemosensitive group III/IV afferents and activation of the potent muscle metaboreflex (27, 31, 34, 45, 46) . The small, statistically insignificant, increases or decreases in MSNA observed during the first minute of static handgrip exercise (27, 34, 45, 46) have been taken as evidence that feedforward control by higher brain centers (i.e., central command) and feedback from mechanosensitive skeletal muscle afferents exert minimal effects on efferent sympathetic outflow to skeletal muscle vasculature (15, 31, 45) . More recent work studying the neural response to the onset (20 -30 s) of 30% MVC static handgrip exercise, which may rely to a greater extent on input from central command (15, 31, 45) , has reported both reductions (18) and increases (24) in MSNA raising the possibility of sympathetic responder types. Unfortunately, each of these studies examined only mean group data, which may aggregate two (or more) distinct populations of responders.
Prior work investigating MSNA responses to central stress challenges (e.g., mental arithmetic, Stroop test, arousal) has demonstrated similar large interindividual variability (4, 9 -12, 17) , including the presence of reproducible negative and positive responders (10, 17) . Whether specific sympathetic responder types can be identified during exercise, a stress involving both central and peripheral afferent regulation, is unclear. Exercise studies examining the neural contribution of feedforward central command have reported contrasting results on sympathetic outflow (3, 27, 45) . MSNA is decreased in anticipation of cycling exercise (3) and during a 2-min voluntary (but not electrically stimulated) static bicep contraction at 20% MVC (27) , yet increased during near-maximal static handgrip exercise when motor output is reduced with neuromuscular blockade (45) . A recent examination of interindividual MSNA responses during 2 min of static handgrip exercise at 35% MVC failed to identify negative responders (12) . However, characterization of responder type was based on the mean change over the entire stress, a potential limitation given the potent sympathoexcitation elicited by activation of the muscle metaboreflex later in the contraction (27, 31, 34, 45, 46) . Whether sympathetic responder types are present during the first minute of static handgrip exercise when the net effect of central command is greatest has not been studied.
Therefore, the purpose of the present investigation was to examine the interindividual MSNA responses to static handgrip exercise. On the basis of prior evidence for central responders types (4, 9 -12) , we hypothesized that 1) during the first minute of static handgrip exercise, we could identify groups of participants who exhibit either a mean decrease (negative responders), no change (nonresponders), or an increase (positive responders) in MSNA from baseline; and 2) that these group differences would persist throughout the second minute of static handgrip exercise, providing a mechanism for between-subject variability in MSNA responses. Additionally, we sought to investigate whether interindividual MSNA responses to static handgrip exercise were linked to differences in MSNA responses during anticipation and cessation of exercise (central command), postexercise circulatory occlusion (isolation of the muscle metaboreflex), or differences in diastolic blood pressure time to peak or rate of rise (arterial baroreflex loading).
METHODS

Participants.
Data were obtained from 29 healthy men (age: 24 Ϯ 5 yr; BMI 24 Ϯ 3 kg/m 2 ; hand grip MVC: 47 Ϯ 11 kg). All participants were in sinus rhythm; in addition, they were nonsmokers, with no history of cardiovascular disease, and they had not been prescribed any pharmacological medications. Participants completed an introductory familiarization visit and were instructed and reminded to abstain from vigorous physical activity for 48 h, as well as to abstain from caffeine and alcohol for 24 h before the study visit. All procedures were approved by the University of Guelph Research Ethics Board, and written informed consent was obtained from all participants.
Measurements. Continuous heart rate was collected using singlelead electrocardiography. Respiratory excursions were monitored using a piezoelectric transducer placed around the mid-to-upper abdomen (model no. 1132 Pneumotrace II; UFI, Morro Bay, CA). The respiratory trace was also used to estimate within-participant peak-topeak displacement (mV) since MSNA can be modulated by lung volume (40) . To assess changes in blood pressure, beat-to-beat alterations were measured using a cuff placed on the right middle finger (Finometer MIDI; Finapress Medical Systems, Enschede, The Netherlands). From the continuous blood pressure waveform, the Model-Flow method (2) was used to calculate stroke volume, permitting determination of cardiac output and total vascular conductance. Discrete brachial blood pressure was monitored from the left upper arm every minute during the baseline using an automated oscillometric device (model BPM-200, BpTRU, Coquitlam, BC). Discrete blood pressure measurements were used to validate the accuracy of continuous blood pressure values.
Multiunit postganglionic efferent MSNA was measured from the right fibular nerve by microneurography, as described previously (28, 29, 33) . A 2-M⍀ tungsten microelectrode was inserted percutaneously into a motor fascicle and adjusted until spontaneous pulse-synchronous bursts of integrated sympathetic activity could be observed clearly from the background noise (3:1 signal-to-noise ratio). Confirmation of muscle sympathetic activity was made by observing reflexive increases in response to an end-expiratory apnea and the absence of responsiveness to unexpected clapping (startle response) or light stroking of the skin. The MSNA signal was amplified (75,000ϫ), band-pass filtered (0.7-2.0 kHz), rectified, and integrated using a 0.1-s time constant to obtain the mean voltage multiunit neurogram (Nerve Traffic Analyzer, model 662C-4; Absolute Design and Manufacturing Services, Salon, IA). The neural signal was monitored both audibly and visually to ensure no change in site throughout the study protocol.
All continuous data were acquired at a frequency of 1,000 Hz, except the raw MSNA neurogram (10,000 Hz), using LabChart (version 8; PowerLab, ADInstruments, New South Wales, Australia).
Experimental protocol. All testing was conducted in a light-and temperature-controlled laboratory. Following collection of anthropometric data, participants were positioned supine on a comfortable bed and asked to complete two MVC in their left hand (one participant was left-handed) (model 78010, Hand Dynamometer, Lafayette Instrument, Lafayette, LA). Each contraction was separated by 30 -60 s of rest, and the highest force was designated as MVC.
After instrumentation and 10 min of quiet rest, participants underwent data collection of all continuous measurements during a 3-min baseline period, a 45-s transition period, 2 min of static handgrip contraction at 30% of MVC, and 3 min of postexercise circulatory occlusion (PECO). During the first 15 s of the transition period, the oscillometric blood pressure cuff was replaced with an aneroid sphygmomanometer and cuff to administer PECO. In anticipation of exercise, participants were given 30, 10, and 3-2-1-s verbal reminders. The same experimenter provided the verbal cues, monitored each participant throughout the entire duration of the static handgrip exercise and provided real-time feedback to ensure the desired contraction intensity was consistently achieved and maintained. To initiate PECO, the aneroid sphygmomanometer was inflated to 220 mmHg, which in all cases was greater than systolic blood pressure. PECO was used to trap local metabolites produced from exercise, permitting continued activation of the muscle metaboreflex, while removing the confounding cardiovascular influences of the muscle mechanoreflex and central command (27, 32, 34, 45, 46) . Data analysis. Resting hemodynamic, respiratory, and MSNA values were averaged over the 3-min baseline and used to calculate change (⌬) during each minute of static handgrip exercise and last minute of PECO. Offline analysis of the integrated MSNA neurogram was performed using a custom LabView program (28, 29, 33) and expressed as burst frequency (bursts/min), burst incidence (bursts/100 heartbeats), and total MSNA (burst frequency ϫ mean burst integral) (48) . To account for between-subject differences in electrode placement, the average baseline measurement of total MSNA was set at 100, and the responses were expressed as a percent change. Baseline spontaneous arterial sympathetic baroreflex sensitivity was calculated as the slope of the weighted linear regression line between the likelihood of a MSNA burst (incidence) within 2-mmHg bins of diastolic blood pressure (23) . To be accepted, the regression line was required to possess an r value Ն 0.5. Two participants did not meet this criterion and were excluded from the analysis.
In contrast to previous studies, which classified MSNA responders on the basis of directionality of responses or self-selected cut-off values (4, 12), we divided participants on the basis of whether their total MSNA response during the first minute of static handgrip exercise differed from the baseline typical error of measurement. The typical error of measurement describes the within-participant variation between measurements (i.e., reliability) (19) . Total MSNA was selected as the primary variable, as it represents a more comprehensive assessment of peripheral sympathetic activity than burst frequency or burst amplitude alone (43) . The mean typical error of measurement was calculated on the basis of minute-to-minute changes in total MSNA during the 3-min baseline period. This time period was selected to align with the epoch durations assessed during static handgrip exercise. Participant responses that were greater than the typical error were classified as positive responders, those within the typical error as nonresponders, and those with decreases below the typical error as negative responders. Using the typical error of measurement (instead of the change from zero) reduces the risk of falsely classifying a participant based on fluctuations between measurements caused by biological or technological (methodological) variations.
After the identification of both negative and positive responders, we sought to compare directly within these groups potential neural mechanisms responsible for the divergent response patterns. To in-R115 VARIABILITY IN MUSCLE SYMPATHETIC RESPONSES TO EXERCISE vestigate the role of central command, we calculated the change in total MSNA from baseline to the 30-s period immediately before initiating static handgrip exercise (i.e., anticipation of exercise). Our laboratory has shown previously that 30-s epochs can provide valid and reliable measures of MSNA (33) . We also examined the change in total MSNA from the second minute of static handgrip (HG2) to PECO (i.e., removal of central command and muscle mechanoreflex activation) (21) . To examine muscle metaboreflex activation, total MSNA responses were assessed during the final minute of PECO. Finally, recent work has reported that negative MSNA responders to mental stress exhibit a faster time to peak and greater rate of rise in diastolic blood pressure (12) , the input stimulus for arterial baroreflex control of MSNA (42) . Diastolic blood pressure time to peak (seconds) was defined as the time required to reach peak diastolic pressure (single cardiac cycle). Diastolic blood pressure rate of rise was calculated as the peak change (from baseline) in diastolic pressure divided by the time to peak (mmHg/s). The dynamics of diastolic blood pressure responses were examined over the first minute, and the peak response over the entire static handgrip contraction.
Statistical analysis. Data are presented as means Ϯ SD unless specified otherwise. Hemodynamic and MSNA responses during static handgrip exercise in the entire cohort were analyzed using one-way ANOVAs. Following the division of participants into responder groups, baseline characteristics were examined using oneway ANOVAs. Between-group changes in MSNA and hemodynamic responses during static handgrip exercise [minute 1 (HG1) and 2 (HG2)] were made using two-way mixed-model repeated-measures ANOVAs. Bonferroni post hoc procedures with correction for multiple comparisons were used. Secondary analyses examining total MSNA and hemodynamic responses during exercise anticipation and cessation, PECO, and diastolic blood pressure time to peak and rate of rise between negative and positive responders were compared using unpaired t-tests. Pearson correlation coefficients were used to assess associations between study parameters. All data were analyzed using GraphPad Prism (GraphPad Software, La Jolla, CA) and P Ͻ 0.05 was considered statistically significant.
RESULTS
All participants completed the full study protocol. Technical difficulties precluded the analysis of the respiratory signal in four participants. As expected (Table 1) , heart rate, blood pressure, and cardiac output increased during HG1 and HG2 (all P Ͻ 0.01). Stroke volume, total vascular conductance, and respiration rate were unchanged during static handgrip exercise (All P Ͼ 0.05), but respiration depth increased during HG2 (P Ͻ 0.01). MSNA burst frequency, burst incidence, and total MSNA were unchanged from baseline during HG1 (all P Ͼ 0.05), while MSNA burst frequency and total MSNA were increased during HG2 (both P Ͻ 0.0001). Considerable interindividual variability in total MSNA responses was present during static handgrip exercise (Fig. 1) .
The baseline minute-to-minute typical error of measurement for total MSNA was Ϯ 19%. As a result, 7 participants were identified as negative responders, 10 as nonresponders, and 12 as positive responders. Representative microneurographic recordings from one negative and one positive MSNA responder are shown in Fig. 2 . All baseline participant characteristics, including sympathetic baroreflex sensitivity, were similar between responder groups (All P Ͼ 0.05; Table 2 ). Mean group responses in heart rate, blood pressure, stroke volume, cardiac output, total vascular conductance, and respiration during the first and second minute of static handgrip exercise were similar between each of the responder groups (All P Ͼ 0.05; Table 3 ). Total MSNA responses (Fig. 3) were larger in positive responders during HG1 (P Ͻ 0.01) and HG2 (P Ͻ 0.0001) No differences were detected between negative responders and nonresponders (both P Ͼ 0.05). The change in total MSNA between HG1 and HG2 was similar between negative responders, nonresponders, and positive responders (⌬56 Ϯ 35 vs. ⌬45 Ϯ 53 vs. ⌬70 Ϯ 48%, P Ͼ 0.05). Table 4 displays the results of potential neural mechanisms involved in mediating the negative and positive response patterns during static handgrip exercise. The change in total MSNA during the anticipatory period before exercise was not different between negative and positive responders (⌬Ϫ25 Ϯ 30 vs. ⌬Ϫ13 Ϯ 33%, P ϭ 0.43), in parallel with no differences in heart rate or blood pressure responses (both P Ͼ 0.05). However, the change in total MSNA from HG2 to PECO demonstrated qualitatively opposite responses between negative and positive responders (⌬40 Ϯ 46 vs. ⌬Ϫ21 Ϯ 62%, P ϭ 0.04). As a result, changes in total MSNA during PECO were not different between negative and positive responder groups (⌬62 Ϯ 55 vs. ⌬96 Ϯ 46%, P ϭ 0.17). Finally, although the peak change in diastolic blood pressure was not different between negative and positive responders (⌬15 Ϯ 6 vs. ⌬15 Ϯ 4 mmHg, P ϭ 0.94), negative responders had a shorter time to peak (⌬24 Ϯ 22 vs. ⌬45 Ϯ 15 s, P ϭ 0.03) and a trend for a faster rate of rise (⌬4.4 Ϯ 6.8 vs. ⌬0.5 Ϯ 0.6 mmHg/s, P ϭ 0.06).
Across the entire cohort, the change in total MSNA during exercise anticipation was not associated with responses during HG1 (P Ͼ 0.91). In contrast, the change in total MSNA from HG2 to PECO was associated negatively with the response during HG1 (r ϭ Ϫ0.49, P Ͻ 0.01). Positive correlations were observed between the change in total MSNA during HG1 and the total MSNA response during PECO (r ϭ 0.39, P ϭ 0.04) and the diastolic blood pressure time to peak during HG1 (r ϭ 0.50, P Ͻ 0.01).
DISCUSSION
The present study sought to investigate the existence of distinct sympathetic responder types during static handgrip exercise. In contrast to prior work, which grouped participants Values are expressed as means Ϯ SD. MVC, maximal voluntary contraction; NEG, negative responders; NON, nonresponders; POS, positive responders. Data analysis completed on n ϭ 25 for respiration (NEG, n ϭ 7; NON, n ϭ 6; POS, n ϭ 12) and n ϭ 27 for sympathetic baroreflex sensitivity (NEG, n ϭ 7; NON, n ϭ 9; POS, n ϭ 11).
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on the basis of the mean MSNA response over the entire contraction (12), we examined interindividual variability during the first minute of static handgrip exercise. Using this approach, we identified three MSNA response patterns, which differ from the typical error of measurement in our cohort of young healthy men. Interestingly, although positive responders had larger total MSNA responses during HG1 and HG2, all three responder groups possessed similar relative increases from the first to second minute of static handgrip exercise. Examination of potential neural mechanisms responsible for negative and positive responders identified differences in total MSNA between HG2 and PECO and diastolic blood pressure time to peak. Across the whole cohort, total MSNA responses during the first minute of static handgrip exercise were correlated positively with both the change in MSNA during PECO and diastolic blood pressure time to peak during HG1 and correlated negatively to the MSNA response between HG2 and PECO. Collectively, these results demonstrate that interindividual differences in MSNA responses to static handgrip exercise are driven mainly by distinct response patterns during the first minute of contraction, which may be influenced by differences in central command, muscle metaboreflex activation, and the rate of arterial baroreflex loading.
Investigations into the peripheral vasoconstrictor response to mental stress or arousal (i.e., central stressors) have demonstrated the existence of negative and positive MSNA responders (4, 9 -12) . Although such responses have not been reported previously during static exercise (27, 34, 45, 46) , we hypothesized that distinct sympathetic responder types could be identified during the first minute of static handgrip exercise when the relative contribution of central command to the MSNA response is highest (i.e., before muscle metaboreflex activation). The summation of two subpopulations with opposite MSNA responses would explain earlier work demonstrating that static handgrip exercise failed to alter sympathetic outflow during the first minute of contraction (27, 34, 45, 46) . Our results confirm this hypothesis, as group differences in sympathetic outflow were observed during HG1 and HG2 between negative and positive responders. Interestingly, the changes from HG1 to HG2 were similar between all responder groups, suggesting that the interindividual variability noted in Fig. 1 is the result of differences in sympathetic responses during the first minute of static handgrip exercise.
Net peripheral sympathetic outflow reflects the integration of central and peripheral afferent reflexes (8) . However, the precise mechanisms responsible for the variability in total MSNA responses during static handgrip exercise are unclear. Evidence supports a sympathoinhibitory role of central command in anticipation of exercise (3) and during low-intensity static contractions (27) . In contrast, we did not observe a difference in total MSNA responses during the 30-s period immediately before exercise between negative and positive responders. Acknowledging that the central regulation of sympathetic outflow may differ between states with and without volitional exertion, we investigated the total MSNA response between HG2 and PECO, which is associated with the removal of central command and muscle mechanoreflex (21) . These results demonstrated a qualitatively opposite response between negative and positive responders. To our knowledge, the muscle mechanoreflex has only been demonstrated to exert sympathoexcitatory responses (31, 45) , suggesting that it was not involved in the increases in total MSNA following its removal in negative responders. The total MSNA response between HG2 and PECO also correlated negatively with the MSNA response during HG1. These results suggest that central com- mand may be capable of eliciting divergent effects on MSNA and that it is involved in mediating interindividual variability. The identification of negative responders with reductions in total MSNA outside the baseline typical error of measurement are not consistent with the sympathoexcitatory response elicited by muscle metaboreflex activation (7, 27, 31, 46) . Examination of the negative and positive responders further demonstrated no differences in total MSNA responses between HG1 and HG2 or during PECO. Nevertheless, between-subject differences in activation or sensitivity (gain) of the exercise pressor reflex could be responsible for variability in MSNA responses. In support of this, a modest positive correlation was found between the total MSNA response during the first minute of static handgrip exercise and PECO. This finding aligns with prior work demonstrating that the hemodynamic responses during the first minute of static handgrip exercise at 50% MVC are positively associated with responses during PECO (47) .
The arterial baroreflex has been shown to buffer increases in MSNA during static handgrip exercise (37) , and recently, negative MSNA responders to mental stress were shown to possess a higher rate of rise in diastolic blood pressure (12) . In the present study, although peak diastolic blood pressure responses were similar, negative responders possessed a shorter time-to-peak diastolic blood pressure. Furthermore, time-topeak diastolic blood pressure correlated negatively with MSNA responses during HG1. Similar to mental stress (12), a faster rise in diastolic blood pressure may result in reflexive arterial baroreflex inhibition of MSNA. It is unlikely that negative MSNA responses were mediated by loading of the cardiopulmonary baroreflex, as increases in central venous pressure during static handgrip exercise in men are associated with mean arterial pressure responses (24) , which were not different between negative and positive responders. Further, prior studies have demonstrated no interactive effects on MSNA between central venous pressure and the exercise pressor reflex, as the MSNA responses to static handgrip exercise were observed to be unchanged with lower-body negative pressure (37) (38) (39) .
In the present study, group differences in MSNA during static handgrip exercise were not paralleled by differences in hemodynamic responses. Similar observations of altered MSNA but equivalent blood pressure responses have been found during mental stress (4, 12) and in response to voluntary and involuntary static bicep contractions (27) , and likely highlight the integrative nature of blood pressure control. Speculating on the mechanisms responsible for the observed dissociation, the similar changes in diastolic blood pressure (and total vascular conductance) between groups may suggest differences in neurovascular transduction. Sympathetic vascular responsiveness can differ between individuals and is inversely related to baseline MSNA (5) . However, in the present study, each responder group exhibited similar baseline MSNA burst frequency and incidence. Alternatively, greater peripheral sympathetic outflow may be offset by concomitant ␤ 2 -adrenergic vasodilation via circulating epinephrine or local nitric oxidedependent vasodilation, both shown previously to be responsible for vasodilation during ischemic handgrip exercise (36) . Finally, the most parsimonious explanation for our MSNAblood pressure dissociation is for interindividual differences in directing central sympathetic outflow to specific vascular beds (e.g., muscle and kidneys) (30) . That is, participants classified as negative MSNA responders may preferentially increase, for example, renal sympathetic outflow to a greater extent, so that net vasoconstrictor outflow is similar (as evidenced in our study by no differences in total vascular conductance). Previous research supports the notion of highly controlled, tissuespecific, sympathetic outflow in humans, demonstrating that 1) the modulation of muscle and skin vasoconstrictor outflow is differentially controlled in response to stress (14, 26) and that 2) differences in sympathetic overactivation can be organspecific in heart failure (16) .
We acknowledge several limitations. Although MSNA responses to stress have been shown to be consistent across time (17, 35) , future work is needed to demonstrate the reproducibility of sympathetic responders during the first minute of static exercise. Second, our results may not be generalized to females, older, or diseased populations. For example, women have been shown to exhibit smaller MSNA and pressor responses to static handgrip exercise and PECO (20) . Third, all of our studies were conducted in the supine posture, which could limit direct comparisons between studies conducted in the seated posture (12) . Finally, acknowledging that MSNA responses represent a continuous variable, our study possessed a relatively modest sample size, which may have limited our ability to detect significant differences between negative and positive responder groups (e.g., during PECO). Nonetheless, the goal of our study was to provide evidence for the existence of sympathetic responder types during exercise, and future studies are needed to further probe interindividual responses and the resulting clinical implications.
Perspectives and Significance
These results demonstrate the existence of highly variable interindividual MSNA responses during the first minute of static handgrip exercise, similar to those observed with mental stress and arousal (4, 9 -12, 17) . Positive MSNA responders maintained significantly larger peripheral sympathetic outflow responses throughout static handgrip exercise, although blood pressure and hemodynamic responses were similar. Examination of neural mechanisms identified potential roles for central command, activation of the muscle metaboreflex, and the rate of arterial baroreflex loading. The physiological and clinical implications of peripheral sympathetic responder types warrant further investigation.
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